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DN A damage repaired by the excision repair system and 
measured as unscheduled DNA synthesis (UDS) was as-
sessed in freshl y excised human skin after 193 and 248 11m 
ultraviolet (UV)-excimer laser ablative incisions. Laser ir-
radiation at 248 nm induced DNA damage throughout a 
zone of cell s surrounding the ab lated and hea t-damaged 
area . In contrast, with 193 11m irradiation UDS was not 
detected in cell s adjacent to .the ab lated area, even though 
L asers have beco me increasingly important therapeutic and diagnostic instruments in medicine and surgery [1 ,2]. Commerci ally ava ilable ultraviolet (UV)-excimer lasers operate at 4 wavelengths (193, 248, 308, and 351 nm) corresponding to different halogen gas media [3]. 
At 193 and 248 nm , the UV -excimer laser is ca pable of cutting 
or etchin g tissue with a precision of better than 0.5 /-Lm by a 
process termed albative photodecomposition [4] . This process is 
th o ug ht to occur by a photochemical mechanism , tho ug h most 
likely th ere is a contribution from therm al processes as well [5]. 
Alth oug h much of th e incident energy is inves ted in the process 
of ablation , some of these photons may be tran smitted through 
the ablation site , scattered, and subseq uently absorbed by sur-
rounding tissue [6 ,7]. Because UV radiation at wavelengths less 
than 300 nnl. is a known mutagen and ca rcinogen, the UV-ex-
cimer laser at 193 and 248 nm ma y pose a hazard to tissue around 
the site of ablation [8-10]. 
The aim of this study was to examine with autoradiography 
the induction and location of un schedul ed DNA synthesis (UDS) 
in human skin after 193 or 248 nm excim er laser ablation in vitro. 
Unsched ul ed DNA synthesis was chosen because it is considered 
an indi ca tor of excision repair of UV-induced cyclobutyl pyrim-
idine dim ers and possibl y other O N A photoproducts [11,12]. 
MATERIALS AND METHODS 
Tissues Unremarkable fu ll-thi ckness human skin was obtained 
from 4 surgica l specimens. Immediately after excision, all skin 
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Abbreviations: 
MEM: minimal essential medium 
PB S: phosphate-buffered saline 
UDS: unscheduled DNA synthesis 
U V: ultra violet 
DN A strongly absorbs this wavelength . Our results sug-
gest that the lack of UDS after 193 nm irradiation is due 
to: (1) "shieldin g" of DNA by the cellu lar interstitium, 
membrane, and cy topl asm , (2) DNA damage that is not 
repaired by excision repair, or (3) thermal effects that either 
temporarily or permanently inhibit the excision repair pro-
cesses. ] In vest Damato/ 89:201-204, 1987 
samples were placed at SoC in Eagle's minim al essential medium 
(MEM) suppl emented with 10% fetal ca lf serum , 1 % peni cil-
lin /streptom ycin , and 1 % no nessenti al amino acids (MEM and 
suppl ements from GIBCO, Grand Island , N ew York). All skin 
sa mpl es were rin sed in cold phosphate-buffered sa line (PBS) 
(GIBCO) prior to irradi ation and blotted dry with lint-free tis-
sues. The first of multiple laser ex posures was delivered w ithin 
10 min of excision and the las t exposure occurred no later th an 
2 h after excision . The sa mples ex posed to 193 nm radiation were 
from a 27-yea r-old man and a 42-year-o ld woman . Those exposed 
to 248 nm radi atio n were from th e sa me 27- year-old m an, as well 
as a 41-year-old m an and a 60-year-old woman. All donors were 
w hite, with moderate melanin pigmentation . 
Irradiation All tissue was irradiated with a Lambda Physik 
EMG 103 MS C excimer laser (Coherent, Inc.) equipped for ArF 
(1 93 nm) and KrF (248 nm) o peration with pulse durations of 13 
and 20 ns, respectivel y. The l a~er energy was directed through a 
5 mm-diameter circular aperture, attenu ated, and then focused to 
overfill a 1 mm-diameter circular m ask placed against the skin 
sa mple. The pulse energy was measured at the sample site with 
a Gentec pyroelectri c detector the output of which w as displayed 
on an osci ll oscope. At both 193 and 248 nl11, a flu ence/pulse of 
640 mJ/cm~ was achieved over an area o fO. 78 mm2 co rres pondin g 
to irradiances of 4.9 X 107 W / cm2 at 193 nm and 3.2 X 107 
W/cm2 at 248 nm . The speci mens were ablated with 5, 10, 25, 
50, 75, 100, 150, 200, 250, and 300 pulses of laser irradiati on. As 
a pos itive contro l, portio ns of the skin specimens were exposed 
to a total of 0.5 J /cm2 (2.9 X 10 - 5 W /cm 2) of germicidal UV 
radiation from a GE-G1528 bulb [11]. Unirradiated pi eces of skin 
were used as negati ve controls , and the center and margins of 
these specimens were exa mined for possible inducti on of UDS 
by a trephin e or scalpel excision. 
Autoradiography Immediately after each laser irradiation , th e 
1 mm-diameter ablation crater was excised with a 3 -111111 trephin e. 
Three-millimeter trephine sampl es were also excised from th e 
control pieces of skin. 
Specimens were then flo ated in MEM with [3H]thymidine (20 
/-LCi / ml, S.A. 6.7 C i/ mmol) at 37°C and 5% CO2 for 1 h. After 
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that, the specim ens were rinsed in PBS, fixe d in 10% buffered 
neutral fo rmalin , and routinely processed fo r hi stology. Paraffin-
embedded tissue was cut in to 5 fLm-thi ck tissue sections. Serial 
sections th rough the ablation cra ter were then mounted on slides 
and deparaffini zed . Slides were coated w ith Kodak Nuclear Track 
Emulsion (N T B-II) and exposed fo r .8 days at 4°C. After th at the 
tissue sections w ere developed w ith Kodak Developer D-1 9 and 
fi xed with Kodak fi xer. T hey were then stained w ith hem atoxylin 
and eosin and examined w ith a light microscope [1 3]. 
Sparsely labeled cells were defm ed as those havin g 3-15 in-
tranuclea r grains; control tissue and other published data dem-
onstrated th at the average intranucl ear backg round count re-
m ained below 3 [11 ,13,14] . Heavily labeled cells undergoing S 
phase were identifi ed as th ose having g reater than 15 intranuclea r 
grains per cell . The depth of ablation as well as the distance fro m 
the sides and base of the ablation crater to the las t sparsel y labeled 
cell in the epidermis and dermis were measured w ith a calibrated 
ocular microm eter. The mean distance in microns and standard 
deviation were calculated after eva luating 4 speci mens at each 
dose of irradiation . 
RESULTS 
193 nm Laser Ablation On gross exa mination of the skin , 
prio r to trephine excision of the irradiated site, th e laser made 
sharpl y bo rdered 1 mm-diam eter incisions th at precisely refl ected 
the cross-sectional shape of the bea m . The depth of the crater 
increased linea rl y with th e number of pulses, as previously de-
scribed , and the apparent extent of therm al damage, as evidenced 
by pykn otic, hyperchromatic kera tinocy tes, was onl y 1-2 cell 
layers thick at the edges and base of the crater [1 5]. 
After 5 and 10 pulses , there w as ablati on ofth e·stratum corneum 
and pyknosis and hyperchromasia of the superficial keratinocytes. 
Additional pulses led to ablation th rough the epidermis and after 
100 pulses the crater extended into the dermis. Although there 
were scattered heavily labeled S-phase cells, there were no sparsely 
labeled cells, consistent w ith UDS in any of the specimens irre-
spective o f the number o f laser pulses (Table 1, Fig 1). 
248 nm Laser Ablation On gross examination, clean, well-
defined , 1 mm-w ide incisions were produced through the stratum 
corneum, epidermis, and into the papillary dermis. By light mi-
croscopy, the depth of ablation was proportional to the number 
of pulses delivered, and the extent o f thermal dam age that res ulted 
in pyknosis and hyperchromasia o f keratinocytes was 2-3 cell 
widths, which w as somewhat greater th an that seen after 193 nm 
irradiation (Figs 2, 3) . 
After 5 and 10 pulses, there was only ablation of the stratum 
co rneum , and pyknosis and hyperchro masia of the superfi cial 
keratin ocytes. Additional pulses led to ablation of the epidermis 
and after 75 pulses ablation extended into the dermis. Every spec-
Table I. Unscheduled DNA Synthesis After 193 nm and 248 
nm Irradiation 
193 nm 248 nm 
(/-Lm ± SO) (/-Lm ± SO) 
Pulses Lateral Vertical Lateral" Vertical 
5 0 0 0 0 
10 0 0 155 ± 10 0 
25 0 0 175 ± 20 100 ± 20 
50 0 0 540 ± 25 180 ± 20 
75 0 0 420 ± 70 220 ± 20 
100 0 0 550 ± 40 155 ± 10 
200 0 0 610 ± 70 230 ± 30 
250 0 0 NO/' NO 
300 NO NO 2100 ± 150 80 ± 30' 
"Sum length of continuous sparse labeling on both sides of the ablation crater. 
''NO = no t done. 
(Very few vessels and apparent fib roblasts beneath ablatio n crater. 
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Figure 1. Excimer laser irradiation at 193 nm on human skin , 100 pulses . 
The edge of the ablation crater has a zone of pyknotic, hyperchromatic 
cells (a/'l'o whead). Although there is background staining there are 11 0 
sparsely labeled cells (3-1 5 grains/nucleus). There are no S-phase cells 
(greater than 15 grains/nucleus) in this fie ld . (Au toradiogra phy, H & E; 
bar = 50 p.m.) 
imen, except the one irrad iated w ith 5 pulses, had a zone of 
sparsely labeled cells adj acent to the ablation crater. Where there 
was partial-thi ckness ablation of the epidermis, the U O S was 
likewise present in keratinocy tes at th e base o f the crater. Un-
scheduled ON A synthesis was also evident in derm al fib roblas ts 
and end otheli al cells subj acent to the ablati on crater and , to a 
lesser ex tent, benea th th e areas of .UDS adjacent to th e ablation 
crater. In each specimen, over a distance of 25-50 fLm , w hich 
co rresponds to the zone of pykno tic, hyperchrom ati c cells at the 
edge of an ablation crater, there was no U DS. Beyond that the 
extent of UDS at the sides of the ablation crater increased only 
slightl y between 50 and 200 pulses (Fig 3). After 300 pulses, 
however , sparsely labeled epiderm al cells were no ted more than 
2.0 mm beyond the sides of th e ablation crater. T he vertica l extent 
of U DS in the dermis, beneath the base of the crater , appeared 
to increase w ith the number of pulses, but the low cellul arity of 
the dermis compared w ith the epidermi s m akes it diffi cult to 
precisely defll1 e the extent o f dermal UDS (T able 1) . 
Figure 2. Excimer laser irradiation at 193 nm on human skin , 200 pulses. 
A symmetric ablation crater through the epidermis and into the dermis. 
(Autoradiography, H & E; bar = 200 p.m .) 
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Figure 3. Excimcr laser irradiation at 248 nm on human skin , 200 pulses . 
The edge of the ablation crater has a zone of pyknotic, hyperchromatic 
cells without any UDS (al'l'OlIIhead) . T he remainder of the epidermis shows 
sparsely labeled cells (3-1 5 grain s/nucleus) with an occasional S-phase 
cell (g reater than 15 grains/nucleus; t"ia llc~ / e). Sparsel y labeled cells arc 
also seen in derm al fib rob lasts and endothelial cells (al'I'OIll). (Autoradiog-
raphy, H & E; bar = 100 p.m .) 
Germicidal Lamp Exposure (Positive Control) In each 
specimen th at received 0.5 J/c m 2 of UV C, all layers of the epi-
dermis d cm onstrated sparse labelin g . These results are consistent 
w ith previo usly repo rted in situ UV au to radi ographs [11 , 13J. 
Thus, contro l auto radiograph y dem o nstrated that the skin re-
m ained viable (presence o f S-phase heav il y labeled cells) and re-
tained its capacity to perform excision repair (presence o f sparsel y 
labeled cell s) after exposure to UVc. 
Unirradiated Skin (Negative Control) In the unirradiated 
specimens , there were sca tte red heavil y labeled S-phase cells, but 
no sparsely labeled cells. There was no difference in labeli ng 
between the ed ges and central regio n o f the tissue specimens, 
w hich excludes the poss ibility that sca lpel o r trephine in cisio n 
induces UDS. 
DI SCU SSI O N 
Sho rt-w aveleng th UV radiatio n «280 nm) produces p yrimidine 
dim ers in DNA, and thus bea rs a po tenti al fo r mutagenesis in 
m ammalian cell s [10]. E xcisio n repair appears to be the m ost 
important m echanism fo r the rem o val o f the dam aged DNA, and 
can be studied auto radi og raphica ll y b y the in corpo ration o f tri-
tiated th ymidine and detectio n o f sparse labeling [11,12, 16, 17J. 
Incident laser irradiatio n energy th at is not in ves ted in the ab la-
t ion process is transmitted thro ug h the epidermis in exponentially 
decreasing doses inducin g thermal dam age and D NA pho to-
products [1 8, 19]. Radi ation at 248 nm is absorbed primaril y b y 
nucleic acids and is 99.9% absorbed in approx imately 60 /-Lm o f 
epidermis [6]. O ur results dem onstrate that 248 nm radi ati on 
induces U O S beyond the area of apparent therm al dam age, w here 
th ere is no UDS, and confirms previo us findin gs fo r UV ex pos ure 
from o ther lower-irradi ancc sources [11] . 
In addition , the distance o fl ateral spread of UDS fro m the sides 
of the crater is m o re unifo rm and exceeds th at predicted fo r trans-
mission o f 248 nm radiation through skin. This o bserva tion m ay 
be due to saturation of th e m easurem ent too l, UDS, at sites close 
to the crater and the accumulatio n of low levels of DNA dam age 
after multi ple pulses at sites distant fro m the sides o f the crater. 
The abso rption of DN A at 193 nm is approximatel y twice as 
s trong as at 248 nm , and high-intensity 193-nm radiation (2.5 X 
108 W / m2) induces single-strand breaks in DNA in aqueo us so-
lutio n [20- 22]. H owever, at 193 nm , in contrast to 248 nm , O N A 
is not the m aj o r intra- o r ex tracellular chrom o pho re. At 193 11m , 
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th e absorptio n b y pep tide bo nds, un sa turated carbon bonds, and 
nucleic acids approaches th at of their relati ve w eig hts in the cell 
and interstitium [23- 25J. Consequentl y, the transmissio n o f 193 
nm radi ation throug h the skin is g rea tly decreased as compared 
w ith 248 nm . Thus, th e absence of U DS in the 193 nm laser-
ablated skin m ay be due to "shielding" of DNA by cellular m em-
branes, cy toplas m , RNA , and inte rstitium . Alternative expla-
nations fo r the lack o f UDS at 193 nm are that this w avelength 
induces single-strand brea ks in DNA (a relatively nonlethal fo rm 
of dam age in m ammalian cells), which are repaired by m echa-
nism s that are no t de tected by th e UDS assay [26], o r that therm al 
effec ts tempo rar il y o r perm anentl y inhibit the excisio n repair pro-
cesses. 
Specific therapeuti c applications o f the UV -excimer laser await 
m ore info rm ati on abou t their po tential haza rds. T his s tud y sug-
ges ts, however, that 193 11m radiati on m ay be preferable alth o ugh 
tox ic diffusa ble photopro du cts, other ty pes o f gene toxicity, and 
the long- te rm conseq uen ces of 193 nm laser radiation have no t 
been addressed . 
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